Abstract. The Sunrise balloon-borne solar observatory consists of a 1m aperture Gregory telescope, a UV filter imager, an imaging vector polarimeter, an image stabilization system and further infrastructure. The first science flight of Sunrise yielded high-quality data that reveal the structure, dynamics and evolution of solar convection, oscillations and magnetic fields at a resolution of around 100 km in the quiet Sun. Here we describe very briefly the mission and the first results obtained from the Sunrise data, which include a number of discoveries.
Introduction
Sunrise is the latest in a long line of solar telescopes carried by stratospheric balloons. It combines high spatial resolution with sensitivity to ultraviolet radiation. At 1 m diameter, it is the largest solar telescope so far to leave the ground. It is equipped with state-of-the-art post-focus instruments, including a UV imager and a filter-based vector magnetograph.
The magnetic field in the solar photosphere shows a very complex and diverse structure. Concentrations of magnetic field with kilo-Gauss strength appear in a broad range of sizes reaching down to small flux concentrations on scales of 100 km or below. Sunrise aims to determine the true size and brightness distribution of the concentrated magnetic features by spatially resolving them, as well as providing greatly improved properties of the internetwork fields. Sunrise also aims to probe the convection in the solar photosphere, as well as the often complex effects of the interaction of the magnetic field with the turbulent convection.
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Instrumentation and Mission
The Sunrise stratospheric balloon-borne observatory is composed of a telescope, two post-focus science instruments (called SuFI and IMaX, see below), an Image Stabilization and Light Distribution (ISLiD) unit, and a Correlating Wave-front Sensor (CWS), all supported by a gondola, which possesses pointing capability.
The telescope is a Gregory-type reflector with 1 m clear aperture and an effective focal length of close to 25 m. A heat-rejection wedge at the prime focus reflects 99% of the light from the solar disk off to the side, reducing the heat load on the post-focus instruments to approximately 10 W. The post-focus instrumentation rests on top of the telescope. More details on the telescope, gondola and mission are given by Barthol et al. (2010) , while the CWS is described in detail by Berkefeld et al. (2010) .
The Sunrise Filter Imager (SuFI) provides images in 5 narrow and medium bands at violet and near ultraviolet wavelengths between roughly 200 and 400 nm. The highest cadence that can be achieved is an image every 2 s. In order to overcome aberrations, a phase-diversity technique (e.g. Paxman et al. 1992 ) is employed, also by the other science instrument, IMaX. A description of SuFI can by found in Gandorfer et al. (2010) .
The Imaging Magnetograph eXperiment (IMaX) operates in the Zeeman g =3F ei 525.02 nm line. Images in polarized light covering 50 × 50 arcsec 2 are recorded at a spectral resolution of 85 mÅ, normally at 4 wavelengths within the spectral line and 1 in the nearby continuum. The full Stokes vector in these 5 wavelengths at a noise level of 10 −3 is obtained in 30 sec, which is the typical cadence for most of the observations. A dual-beam approach is taken, with 2 synchronized 1k×1k CCD cameras. Detailed information on IMaX is provided by Martínez Pillet et al. (2010) .
Sunrise was flown on a zero-pressure stratospheric long-duration balloon launched on June 8, 2009 from ESRANGE near Kiruna in northern Sweden. It then floated westwards at a mean cruise altitude of 36 km and landed on Somerset island (northern Canada), suspended on a parachute, on June 13, 2009. At float altitudes, virtually seeing-free observations were possible all the time (since the payload was above more than 99% of the Earth's atmosphere).
The loss of high-speed telemetry relatively soon after reaching float altitude (due to the failure of a rented commercial telemetry system), meant that no full images could be downloaded during the entire mission. Consequently instrument commissioning and operations had to be carried out practically blindly. Nonetheless, the achieved spatial resolution was sufficiently high to resolve both, small-scale magnetic and convective features (Lagg et al. 2010 , Khomenko et al. 2010 .
First results
The Sun was extremely quiet during the entire flight of Sunrise, so that almost all of the gathered data correspond to internetwork regions with occasional network elements. An overview of the data and first results is given by Solanki et al. (2010) .
Images of the quiet Sun at disk centre in all 5 SuFI wavelengths are shown in Fig. 1a , whose grey scale is saturated at I ±3σ for each wavelength in order to allow a better intercomparison of the granulation, at the cost of overexposing the bright points. The brightness scale (see the gray-scale bars above the individual frames) already indicates the large rms contrasts of the imaged granulation, which reach up to 32% at 214 nm (cf. Hirzberger et al., 2010a , for a complete study of the rms contrasts). At a number of the observed wavelengths the contrasts can be compared with those resulting from the 3D radiation-MHD simulations of Vögler et al. (2005) and are found to be in good agreement. This supports both the high resolution and very low stray light of Sunrise SuFI data.
Bright points are prominent at all wavelengths sampled by SuFI, but are particularly so at 214 nm (they are 2.3 times as bright as the background at this wavelength, see Riethmüller et al., 2010) , making them brighter than at any other wavelength studied so far. Figure 2 shows a snapshot of IMaX data products. Stokes-V movies (see e.g. Solanki et al. 2010 ) reveal how dynamic the quiet Sun magnetic field is, with the weaker magnetic features, i.e., those in the internetwork, being particularly dynamic. An investigation of the properties of small concentrations of strong magnetic fields in the quiet Sun showed that these have finally been resolved by IMaX on Sunrise (Lagg et al. 2010 ). An inversion technique applied to retrieve the temperature stratification and the field strength could reproduce the observations well with a one-component, fully-magnetized atmosphere with a field strength exceeding 1 kG and a significantly enhanced temperature in the mid to upper photosphere compared to its surroundings. This is consistent with semi-empirical flux tube models describing magnetic elements. Consequently, it can be concluded that the Sunrise measurements resolve the observed quiet Sun flux tubes. This result suggests that the Sunrise data will allow further properties of these basic building blocks of the photospheric magnetic field to be determined rather directly.
Sunrise observations show that the occurrence rate of patches of significant linear polarization signal (sensitive to the transverse component of photospheric magnetic field) is 1-2 orders of magnitude larger than values reported by previous studies (Danilovic et al. 2010) . These features appear preferentially at granule boundaries with most of them being caught in downflow lanes at some point in their evolution. Only a small percentage are entirely and constantly embedded in upflows (16%) or downflows (8%). For the latter, the usual interpretation in terms of magnetic flux emerging from below cannot hold, so that they must have another source. Borrero et al. (2010) discovered that some of the patches of horizontal magnetic field in the internetwork are associated with supersonic upflows of magnetized gas. An interpretation in terms of localized jets and heating due to magnetic reconnection in photopsheric layers between the emerging and previously present magnetic flux seems plausible.
An analysis by Bello Gonzalez et al. (2010) of high-resolution spectropolarimetric data obtained by IMaX on Sunrise provides a total energy flux of approximately 6400-7700 Wm −2 at a height of 250 km carried by waves with a period shorter than 3 min. This is more than twice the energy flux found in any previous work and lies within a factor of 2 of the energy flux needed to balance radiative losses from the chromosphere according to Anderson & Athay (1989) . This result revives interest in acoustic waves for transporting energy to the chromosphere. An interesting conclusion is that the "missing" acoustic flux is hidden mainly at small spatial scales and not so much at high frequencies, where it has been assumed to lie in the past.
Sunrise data have revealed vortical motion at small scales, with vorticity in both the horizontal and the vertical direction. Flows with vorticity in the vertical direction are seen by following small magnetic field patches (Bonet et al. 2010) , while (smaller) horizontally directed vortex tubes have been discovered at the edges of granules by comparing time series of continuum images with 3D hydrodynamic simulations by Steiner et al. (2010) .
The high resolution of the data is also indicated by the work of Khomenko et al. (2010) , who show that the intergranular lanes, associated with broadened spectral lines, are bordered by narrow stripes of narrow spectral lines. These stripes, visible only at the high resolution achieved by Sunrise, are located where the granular flows bend from upto downflows, as comparisons with 3D hydrodynamic simulations show.
High degree p-modes are studied by Roth et al. (2010) , who find that the power in waves with degree l>1000 is enhanced over granules shortly before these start to split or explode, suggesting a connection between granule evolution and excitation of p-modes.
Finally, the magnetic field measured by Sunrise in the photosphere has been extrapolated into the upper solar atmosphere by Wiegelmann et al. (2010) . A statistical study of the connectivities of the extrapolated field shows that almost all of the magnetic field lines reaching the chromosphere or higher connect network with internetwork patches in the photosphere. Since the internetwork field is extremely dynamic and short-lived, this implies that the magnetic field in the upper atmosphere must also be changing very rapidly.
Conclusion
The Sunrise observatory has provided high-quality, high-resolution images, Dopplergrams and vector magnetograms at different positions on the solar disk. The extremely low solar activity level at the time of the science flight of Sunrise means that these data mainly enable new insights into the quiet Sun.
An initial analysis of these data has already led to new insights into the magnetism, convection, oscillations and waves in the quiet Sun. Given the richness and quality of the data and the fact that so far only a small fraction of them have been analyzed, we expect many more exciting results to follow. A flight of Sunrise during a period of higher solar activity is greatly to be welcomed.
